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*159159* [1IITIIIIIITIIITIIITIIIl]  *G00002* TITLE OF
TH VETHOD AND APPARATUS FOR SERVO CONTROL
%@MMM“EEWO | NFORVATI ON | N A DI SK DRI VE

BA HE | NVENTI ON 5 The present invention

gener al'fy>*t el ates to a disk drive using a disk nmedi um
storing servo information and, in particular, a head

I EBINGEner a1y aF ok arTes typi i ed by
hard di 1 ' '

sk, 10 drives, servo information used for

control of position*?gLEhS h@ﬁﬂ §§25¥2I§ﬁntrol) IS
g a

recorded on a disk nedidam bein ecor di ng

medimBudm ASknp SR NESs FbE E?@goié%ﬁ?%biiQg?thgP?RAL

target position (target trac on t I sk nmedrum

usi rEERVE RerorMABIoMf oy et ok rerelvby the head. The
head perforns witing of data or reading of data in

the target positi GACKGRo&N IOF, THE heamlT=ON separ at ed
into a read head and a wite head, and the read head
reads dat®h€imceseiihgineenvoionfgenatabhy, réDabed thea disk
wite head wites data. The servo information recorded

on tHe tf sletiardisk mrivarml $50F brdr seEveninteymation
sectors, which are circunferentially arranged at

reg@™r idt UG § NPRErRRS SekeivtRg fepm rol

i . . 4N . .
ConCteergl'{’rllJ_Cquseerl,ysolrggr ascg%(lsral servo information.

Generally, in disk drives typified by hard disk
drives, servo information used for control of
positioning the head (servo control) is recorded on a
disk medium being a data recording medium. In disk
drives, the head is positioned to a target position
(target track) on the disk medium, using the servo
information read by the head.

The head performs writing of data or reading of
data in the target position. Generally, the head is
separated into a read head and a write head, and the
read head reads data (including serve information),
and the write head writes data.

The servo information recorded on the disk medium
is generally recorded on servo sectors, which are
circumferentially arranged at regular intervals, and
the servo sectors form concentric servo tracks. 1In
disk drives, the head positioned on the basis of servo
information records user data in concentric data

tracks formed on a disk medium.
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25 disk drives, the head positioned on the basis of
servo information records user data in concentric
data tracks fornmed on a disk medium - 2 1In the
nmeantime, proposed is a disk drive using a disk

medi um recordi ng spiral servo information, not
concentric servo information, in manufacturing process
of disk drives to inprove the §fpriency of a servo 5
witing step of recording servo information on a disk
medi um (for exanple, refer to Jpn. Pat. Appln. KOKA

Pub. No. 05 . t hi ni que, . .
e?ficienc%go?h%ﬁgg%%$§%QVW$%?%%gége%gig F%%gogéaanuSl”g 8
COMRATS 1 Ofledd il £d\6o (RS Odo Ad NS LLNGEIL L En2 1Y, Mot

i nformati on, because witing spiral servo Information

I equidrese or Neagk SEOPI A f dEma @6h | hus #&8KYPat Bl ARG hPBcess
is witten on the whole surface of a disk nediumfor a

rel atf wid gk sthotrted i 1. ifdrdhe widesf hibhdenty of a servo

commercialized disk drives, 15 it is required to

wr it iusierg datter (chnprerdidey ssarve st feanmadhem such disk

as images) in a concentric data track on a disk

mediMARL UM 6£9% HERSD cofeaint ¥ cTRIat aPat r ARIRBLMavBOKAL
than that of spira

N gher,  gpsomgncess el (1 o enoy Lhan thet_ of opl

_frorggf.cs einrcal S re/rg)etsfeackoan]g.@ositi oni n Sof tpe head

is performed wth tespecto t'o" 4 Jcrb%csefh?‘?l% CE ?Y%‘gk?n

the cAiQek SEMETed 1R addoF UG "aSkcLSe SILTE8fo
information, because writing spiral servo information
requires no head stop time, and thus servo information
is written on the whole surface of a disk medium for a
relatively short time.

On the other hand, in commercialized disk drives,
it is required to write user data (computer data and
stream data such as images) in a concentric data track
on a disk medium. This is because concentric data
tracks have higher random access efficiency than that
of spiral tracks.

However, when servo information is read from a
spiral servo track and positioning of the head is
performed with respect to a concentric data track, the
track center line of the servo track is shifted from
that of the data track, and without any measures the
head positioning accuracy deteriorates. Therefore,

the efficiency of positioning control operation

deteriorates, and consequently random access
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that of the data track, and w thout any neasures the
25 head positioning accuracy deteriorates. Therefore,
the efficiency of positioning control operation
deteriorates, and consequently random access 3
performance to concentric data tracks deteriorates.
BRI EF SUMVARY OF THE | NVENTI ON Therefore, the object
of the present invention is_ tg provide a disk drive
whi ch increases the efficiency 5 of the head
positioning control with respect to concentric data

tr a%%%.f Q%{nlé%ic%g toP icro%lc: et i fcfa'%fao rt%té)%n d BN SES,
ccordi ng to an

suf fi'ci ent random access per rmance.

aspect of the prgsent Jumenty ok TH® feherisy provi ded
a di sk drive which achi eves head positioning contro

Wi th hi gl rRG@IAGRY, WH diesactio t G hd Qreadnd Cirdddrtion is
tracks, by using spiral servo information and virtua
servo prborinet iaor ilsdvidrg veassduimdd hniortasse st rtdek ecfehitarency
lines. 15 According to an aspect of the present

i nverdt ithie, headdipsis 1diond Nngogeritses: val tdi sle shafituko

having a disk surface on which a plurality of servo
secteRseate 1 Cafedrgddaaks &yuliai nchtsdivva ks safd©
concentric data tracks are forned,, the servo sectors

f or MG THAEORAl 56 SV & £ Tt LHori MG i/ oS

i nfaormati o the concentric data tracks storing user

dat &°a g%@qﬁﬁich reads the servo information and

reads/ wrid &%, {1, 1S&S an aspect of the present invention,

there is provided a disk drive which achieves head
positioning control with high accuracy with respect to
concentric data tracks, by using spiral servo
information and virtual servo information having
assumed virtual track center lines.

According to an aspect of the present invention,
a disk drive comprises: a disk medium having a disk
surface on which a plurality of servo sectors are
arranged at regular intervals and concentric data
tracks are formed, the servo sectors forming a spiral
servo track and storing servo information, the
concentric data tracks storing user data; a head which
reads the servo information and reads/writes the user
data on the disk medium; and a controller which
performs positioning control of the head based on the
servo information read by the head, the controller
generating virtual servo information having assumed

virtual track center lines corresponding to center
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data on the disk nmedium and a controller which
perforns positioning control of the head based on the
25 servo information read by the head, the controller
generating virtual servo information having assuned
virtual track center lines corresponding to center - 4
lines of the data tracks based on the servo
information, and positioning the head to a target data
track based on the virtual servo information. BRIEF
DESCRIPTICN CF THE SEVERAL VI EWs OF THE DRAWNG 5 A

gen%. %es Ct&é %[ %C}Jmaesréed’]tOﬁ’l t SCf Ie? OUS

featr & o the i nvention W now be (f w th

ref engny d.attgérhe HAWINGS- 1 SHhe fAr d'}%;a ¥ r%ﬁ'iautah(:}target data

assom at e escriptions are provi strate

enbadigmntsn fd tdie dHw entdwan ank s ftrrddntddidde 10
scope of the invention. FIG 1 is a block diagram

i |l uBRIAFI DESEROBIOONpart THE SEVERRLANIZHSaOFOMTHENQRAVNING
an enbodi nent of the present invention. FIG 2 is a

di agram iA lasteml myp ch iseratoing doke ot mpEererl $skthe

medi um according to the enbodinent. FIG_ 3 is a

di aghgmhaus fRataen P la i 4 e Bh Wis iingw halidgscribed

TR B IR e !, A BRAD o e

r ecor ded 9 SQﬁH/O csrg)%tﬁor ?Wo% g%dicf‘? Ofrgﬁ rEEL ustra -
embodiments of the invention and not to limit the
scope of the invention.

FIG. 1 is a block diagram illustrating a main
part of a disk drive according to an embodiment of the
present invention.

FIG. 2 is a diagram illustrating a servo track on
a disk medium according to the embodiment.

FIG. 3 is a diagram illustrating a data track on
a disk medium according to the embodiment.

FIG. 4 is a diagram illustrating a structure of
servo information recorded on servo sectors of the
embodiment.

FIG. 5 is a diagram for explaining a difference
between the servo information of the embodiment and
concentric servo information.

FIG. 6 is a diagram for explaining a difference
between the servo information of the embodiment and
the concentric servo information.

FIG. 7 is schematic diagram of the servo
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bet ween the servo information of the enbodi nent and
concentric servo information. FIG 6 is a diagramfor
expl aining a difference 25 between the servo

i nformati on of the enbodi nent and the concentric
servo information. FIG 7 is schematic diagram of the
servo 5 - information of the enbodinent. FIG 8 is a
diagramillustrating a state ofy the servo information
of the enbodinent. FIG 9 is a diagramillustrating
another state of 5 the servo information of the

embqdi iRt G A He auidgiam il ustrating a met hod
of reproducing a cylinder code of the enbodi nent.

FIG 11 i@ fd ovehardiddtasts Bl hsgrae g td Nngt REOCESSthe
of the servo information of the enbodinent. 10 FIG

12 iserard liovidrandt iidrd ust rdte rgnisodiedsht posi ti oni ng

control process of the enmbodinent. FIG 13 is a

fl owchar tFidJ Ustiatd M ayran idecssranipy ozesthey shate of
the head positioning control of the enbodinment. 15

FI GShel 48 e 4D @ radrfans § 19 ER§ Ny vi rt ual

PO R on, of b erod ot L8018 4 Bog, oo
L SRl LB o R P

FIG. 11 is a flowchart illustrating a writing
process of the servo information of the embodiment.

FIG. 12 is a flowchart illustrating a head
positioning control process of the embodiment.

FIG. 13 is a flowchart illustrating error
decision processing in the head positioning control of
the embodiment.

FIGS. 14A and 14B are diagrams illustrating
virtual servo information of the embodiment.

FIG. 15 is a flowchart illustrating positioning
control using the virtual servo information of the
embodiment.

FIG. 16 is a diagram illustrating a method of
reproducing the cylinder code of the embodiment.

FIG. 17 is a block diagram illustrating a head
positioning control system of the embodiment.

FIG. 18 is a flowchart illustrating a seek
operation of the embodiment.

FIG. 19 is a diagram illustrating a seek

operation without correction in the embodiment.
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reproduci ng the cylinder code of the enbodinent. FIG
17 is a block diagramillustrating a head positioning
control systemof the enbodinent. FIG 18 is a
flowmchart illustrating a seek 25 operation of the
enbodinment. FIG 19 is a diagramillustrating a seek
operation without correction in the enbodinent. - 6
FIG 20 is a diagramillustratigng_a seek operation
with correction in the enbodi nent. DETAILED

DESCRI PTI ON OF THE | NVENTI ON An enbodi nent of the

present ignentin d 3 P LHR if‘Pﬂ;é"%H‘tfﬁrje&%‘&@kto

drawi ngs. (Structure of sk Drive) FIG™1 is a bl ock
di agypRMaildsstiiath R @ e SETMHEUHY e 1 andl Elnaid ve
according to the enbodinent. A disk drive 10 of the
enbodi nent i SEZANRED OESKRIGTAONVeFUSHEQ IAVENIKOMedi um
11 as a magnetic recording mnedium The disk medium 11
st ores sévvenbddimeatti onf fher mrepentspirantservols
track, as described below The disk medium1l is

i ncEpardned i thhe edissienia we© Kravwidigh that the di sk
medi um 11 is secured on a spindle 15 notor (SPM 13
and PHEREE TSR Hi g HpdBdVa)n the nmeantine, the disk

at
orive 10,480, Iead, 12 cuncludiog, & fead, head, 428 that
di skl be AN A Wi 1 NRAARWS N (SR fene

A disk drive 10 of the embodiment is a hard disk
drive using a disk medium 11 as a magnetic recording
medium. The disk medium 11 stores servo information
forming a spiral servo track, as described below. The
disk medium 11 is incorporated in the disk drive 10,
such that the disk medium 11 is secured on a spindle
motor (SPM) 13 and rotated at high speed.

In the meantime, the disk drive 10 has a head 12
including a read head 12R that reads data (servo
information and user data) from the disk medium 11,
and a write head 12W that writes data in the disk
medium 11. The head 12 is mounted on an actuator 14
that is driven by a voice coil motor (VCM) 15. A VCM
driver 21 drives and controls the VCM 15 by supplying
a drive current to the VCM 15. The actuator 14 is a
head moving mechanism to position the head 12 to a
target portion (target track) on the disk medium 11.
The actuator 14 is driven and controlled by a

microprocessor (CPU) 19 described below.
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20 nmedium 11. The head 12 is nounted on an actuator 14
that is driven by a voice coil notor (VCM 15. A VCM
driver 21 drives and controls the VCM 15 by suppl yi ng
a drive current to the VCM 15. The actuator 14 is a
head novi ng nmechanismto position the head 12 to a 25
target portion (target track) on the disk nedium 11.
The actuator 14 is driven and gonLroIIed by a

m croprocessor (CPU) 19 described below. - 7 1In
addition to the head di sk assenbly described above,

the disk ﬂ{ia"aedi]toi&?.siioal@{eeg}%g%éféfék cld %}%ly(l ribed

signal processing uni sk contto

18, apd d he {Plld, cﬂ’l%eﬁ T Y azcbre":émmfier circuit

preanplifier circurt 16 has a read ‘anplifier that

anplid,i es saiq]r%ﬂd il e o giplurdit put, f4 omdibecde@tbller
head of the head 12, and a wite anplifier that

SUpPPIHDES a8y idred datea R, tand he nvendrey hemad.
Specifically, the wite anplifier converts a wite 10

dat a si gritie aatganp friet hel siyial 1 priveeszsi repdianpiifier
into a wite current signal, and sends the signal to

t he thdt @middd 1erhe siqpthldqrocEisEialg QiRua 7t @n gthe read

ot deps! Gigdie NAAR I b e vE S D Eore oS ng

to the S8ryvo inﬁq&g& HP”%Y a%.ié% l.so referﬁ§d 0 as

- cad RS % i o TS 1 e or e o i e

I nclyydes A A4, d8RO4H! ddhalnd B AAUCES SV a write
data signal output from the signal processing circuit
into a write current signal, and sends the signal to
the write head.

The signal processing unit 17 is a signal
processing circuit that processes read/write data
signals (including servo signals corresponding to the
servo information), and is also referred to as
read/write channel. The signal processing unit 17
includes a servo decoder that reproduces servo
information from a servo signal, as described below.

The HDC 18 has a function of an interface between
4 the drive 10 and the host system 22 (such as
personal computers and various digital apparatuses).
The HDC 18 controls transfer of read/write data
between the disk 11 and the host system 22.

The CPU 10 is a main controller of the drive 10,
and performs the head positioning control according to

the embodiment, and general read/write operation




information froma servo signal, as described bel ow
20 The HDC 18 has a function of an interface between

4 the drive 10 and the host system 22 (such as

personal conputers and various digital apparatuses).
The HDC 18 controls transfer of read/wite data
between the disk 11 and the host system 22. 25 The CPU
10 is a main controller of Lheserve 10, and perfornms
t he head positioning control according to the

enbodi nent, and general read/wite operation 8

control_ .of t er The nghor [ u
RAM%§$§Q%%¥§f62%1dggggqnggh nenoﬁ%ﬁﬁ%%#gﬁﬁfﬁégéEf%.a
NONVOhALI L TR Yoo AL STOTES HAHONS: Fal B B0EM) being a
prograns necessary for control of the U19. 5

(St s tafl DinfdindVBAT WA FHiGre L e G r da € 3 QNS
illustrating a structure of the disk nedium 11
accprdigiginso dde s smodiderdontfddl & itshe cPlagr am
illustrating a recording 10 state of spiral servo

i nf drSroedtuicd res erfv @ it tMerdmum)r ecor ded on t he di sk
medi um 11 according to the enbodinent. The servo

i nf or mat ifhFS s 7 5t deRioh ISF XIS ekt bist ¥ Aehd¥ed by

ci r CRFTUE A1F (Tt th T o & Ve S 11

are confi.gured to be radially arranged in a radia
di r SERCSHTE The di sk medi um 11, On the of her hand,

the Servof‘ftf.Ct?riSs ]alodfégeram illustrating a recording

state of spiral servo information (servo pattern)
recorded on the disk medium 11 according to the
embodiment. The servo information is recorded on
servo sectors (denoted by “+” marks) arranged at
regular intervals in a circumferential direction. The
servo sectors 110 are configured to be radially
arranged in a radial direction of the disk medium 11.
On the other hand, the servo sectors 110 are
configured to form a spiral servo track 100 when their
central lines (track centers) are connected with
respective adjacent servo sectors. In short, adjacent
servo information items are written in radially
shifted positions.

FIG. 3 illustrates a state where a plurality of
concentric data tracks 200 are formed on the disk
medium 11 in which the spiral servo information (servo
track 100) is written. Each data track 200 is formed

of a plurality of data sectors arranged between the
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configured to forma spiral servo track 100 when their
central lines (track centers) are connected with 20
respecti ve adjacent servo sectors. In short, adjacent
servo information itens are witten in radially
shifted positions. FIG 3 illustrates a state where a
plurality of concentric data tracks 200 are forned on
the disk 25 nmedium 11 in whichgthe spiral servo
information (servo track 100)"is witten. Each data
track 200 is formed of a plurality of data sectors

arrang%% b%%%%%g.th%ngth%eg% oﬁ?ﬁ%ﬂ%s'tkgf%¥%enters

S .
enbodi ren , track cénters central Tine of the

dat g .Lhacks 29049 Ret ,a0kee dwkbhtbBeksr 20k eRNhRt agree
(central line) SC of the servo track. 5 FIG 4 is a

di agram ichlkust-baki Rgnaest Neehyra10fline)SEVOL the servo
information itemrecorded on the servo sectors 110.
ThetsarkQ i nformation item conprises a pad (PAD) unit

30, a servo mark (SM wunit 31, a sector unit 32, 10

an address@inidt i33,a ahidgxageridd Usthrett ipat teerat apdudy . of a
In FIG 4, the mark Windicates a | ength corresponding

to Isgifvoofinflegn@atiant AAER WeFOr AePhenp & Sufiet Va0 Sectors

i ncludes a gap and a synchronizing signal region

cal 'éd-servo AGC. The 15 servo mark unit 31 is a

gggtn glr Lﬁ[iq'{eo%ffr%;o Izilqlr eo:: rigfr :12331 ittl'é?n Sceorm\f)(} isseecst q je) aTcD e( PAD)
unit 30, a servo mark (SM) unit 31, a sector unit 32,
an address unit 33, and a servo burst pattern unit 34.
In FIG. 4, the mark W indicates a length corresponding
to half of the data track width.

The pad unit 30 includes a gap and a
synchronizing signal region called servo AGC. The
servo mark unit 31 is a signal region for identifying
the servo sector. The sector unit 32 1s a recording
region for a sector code for identifying the servo
sector 110. The address unit 33 is a recording region
for a track code (cylinder code) for identifying the
track (cylinder). The servo burst pattern unit 34 is
a region in which servo burst patterns A to D are
recorded to detect the position of the head 12 in the
servo track.

Supposing that each boundary between the servo
burst patterns A to D is a servo center SC, a servo
center SC corresponding to the boundary between the

servo burst patterns A and B is referred to as a track
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region for a sector code for identifying the servo
sector 110. The address unit 33 is a recording region
for a track code (cylinder code) for identifying the
20 track (cylinder). The servo burst pattern unit 34
iIs a region in which servo burst patterns Ato D are
recorded to detect the position of the head 12 in the
servo track. Supposing that eggh boundary between the
servo 25 burst patterns Ato is a servo center SC
a servo center SC corresponding to the boundary

b h A B.i f
tgtggg e%r SE%_E%S Rg%%? RRAL Ler RS o s%&@o t%%c%? fﬁg%g 4

enter (central 1ine)

SerYElBE@QEteEIQ's%at%l§ﬂé%%a%%% 2 r3lat ecene tde of the
track centers SC of the servo track identified by the

cyl spder eedexagueatwirtibd biye thespgqatingert lcaele GeMery Svith
TC of the data tracks 5 200. FIG 5 is a diagram

i || uakr etkpegctheecaseckherateser T¢ ioff ahmeatdadm Whachks

is concentrically formed is recorded on a disk

medlam. Specifically, the servo center (track center

of the servo track) SC 10 corresponding to the

boundar y FB&t-weri 5t e Haor@urldius tatidih I HRFB here

| ocated in the sane radi.al position in each the, .

ser P§T¥EcEBESIMRfre Ot HER Che it §r°§‘c§@td:flctaﬂéysgo\f6ned S

120K 0080 W LeseGRy SoMArs AC A0 Mo Ao

rec%%%%er (track center of the servo track) SC
corresponding to the boundary between the servo burst
patterns A and B is located in the same radial
position in each of the servo sectors. The track
centers SC of the servo track agree with respective
centers TC of the data tracks 200.

In the disk drive, the write head 12W records
user data on the data tracks 200, in the state where
the read head 12R is positioned to the track center SC
of the servo track.

FIG. 6 is a schematic diagram of FIG. 5, and
illustrates cylinder codes (cylinder numbers of the
address unit 33) read from a head position at a
certain time. Specifically, the read head 12R always
reads the same cylinder code from the same radial
position.

(Servo Writing Process)
Next, explained is a servo writing process to

record spiral servo information of the embodiment on
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user data on the data tracks 200, in the state where
the read head 12R is positioned to the track center SC
of the servo track. FIG 6 is a schematic di agram of
FIG 5, and 20 illustrates cylinder codes (cylinder
nunbers of the address unit 33) read froma head
position at a certain tine. Specifically, the read
head 12R al ways reads the sa cylinder code fromthe
sanme radial position. 25 (Servo Witing Process)

Next, explained is a servo witing process to record

spi rt !e %lelrs omienrcri]fi%rflnqt]j or\]»liq:f trl'éefe?égqfc% %F% ']]ll.l In the

the disk nmediu W't h referen n the

eMbQdiTRNthe iRXPleAg18d det 8 PILGARTT A b P fsSBf Ve rvo
witing nethod, in which servo informationis witten

on the diRcorReried idi skhiredidapvbl intdhe disk i iwel teen
10. First, when the disk nmedium 11 is incorporated in

t he copithd & nireo rkT eof dilek dieski udf iMe 1D, tHehed iIGRU ddive
starts a programto execute servo witing operation,

whi d®9.is stored in the nenory 20, and starts servo 10
information witing operation. Specifically, the CPU _
19 noves Birstheatherp the thiesk i”i‘ﬁ?glr%sjtl pet | brHepypofated in

the gl mlum L1 (step Sh Mer, e Gl 19 stas
OUt%EA¥?§'§“¥QEé¥a£'¥% execute servo writing operation,
which is stored in the memory 20, and starts servo
information writing operation.

Specifically, the CPU 19 moves the head 12 to the
innermost periphery of the disk medium 11 (step S1).
Then, the CPU 19 starts moving the head 12 with
constant velocity toward the outer periphery of the
disk medium 11 (step S2). The CPU 19 sets servo burst
patterns (A to D) and cylinder code to be recorded,
and writes the servo patterns with servo sector 0 as a
write start point (steps S3 and S4). Specifically,
the CPU 19 writes servo burst pattern A by one round
in the innermost periphery of the disk medium 11,
writes servo burst pattern D by one round, writes
servo pattern B by one round, and write servo pattern
C by one round. The CPU 19 repeats this step while
moving the head 12 with constant velocity toward the
outer periphery without movement waiting time of the
head 12 (steps S5 and S6).

Then, when the servo burst patterns (A to D) and
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15 disk nmedium 11 (step S2). The CPU 19 sets servo
burst patterns (Ato D) and cylinder code to be
recorded, and wites the servo patterns with servo
sector O as a wite start point (steps S3 and $4).
Specifically, the CPU 19 wites servo burst pattern A
by one round 20 in the innernost periphery of the disk
medi um 11, writes servo burst,pattern D by one round
wites servo pattern B by one tround, and wite servo

pattern C by one round. The CPU 19 repeats this step

l It & rcr:miligxgietrhecoh ea ol eWIrterc]:oCro esdt %nrte Vwerli Ietry on .almost
t owar tTHe outer peripnery Wt hout” nmovernen wal t1 ng

timeqof g e Read le %%%%%8)5%5%3# 1@@ i o dhan, the

servo burst patterns (A to the cyl i nder
codeuke R stegRirdethcalie sMdft trere @ s mRsdiurt el Whale Cpu
surface ranging fromthe innernost to the outernost
per iighettiops athd he idiisky redirnarnibh, ane tGRU cdrs tsdrops
the witing operation and the constant 5 velocity
noveesecidgly oy aread Ot dpe SRaahd sS&ps I'h ard $S&tep,
if first servo information is witten on the disk
medi um 10 &hdedisterod erfior st rforimtiofPMratiqry 1s
devi ce adoptin% the magnetic transfer method may be

f

used FitidtEa®Tof h & isdr FE X B K 110 andRBrSa it e ©

L S S0 ISIB L AR ED 0 @

gﬁg k%n#%@%ée&&%%?{aﬁé%% L%e:ogrq_ncgt%l%d q{f Vl%eloser-l;/t’lf9 track
writer. Further, the first servo information may be
written by using a push-pin type servo track writer
after the disk medium 11 is incorporated in the disk
drive 10. The push-pin type servo track writer
operates the head 12 in the disk drive 10, and thereby
writes the first servo information on the disk medium
11.

By the above process, servo information is
written in the servo sectors 110 to form the spiral
servo track 100 as shown in FIG. 2. Specifically, the
central lines of the servo sectors 110 are connected
like a picture drawn with a single stroke of brush.

However, as shown in FIG. 9, when servo
information writing is started from the sector number
0 and writing for one round is ended to the sector
number N-1, the servo information is recorded in a
radial position shifted by 0.5 track. Specifically,

in the spiral servo information, the radial positions
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operates the head 12 in the disk drive 10, and thereby
15 wites the first servo information on the disk
medium 11. By the above process, servo information is
witten in the servo sectors 110 to formthe spira
servo track 100 as shown in FIG 2. Specifically, the
20 central lines of the servo sectors 110 are
connected like a picture drawn with a single stroke
of brush. However, as shown in FIG 9, when servo
information witing is started fromthe sector nunber

0 an i ting. for e I.0 [ d tg t t -
nunﬁgr elfegﬁgrgeggoan#%%n&?F%% ﬁgaf§55¥§g§§$¥§%?fg§ to
.radltﬂ% Bgﬁ'nh"agg %Qlttﬂ_te%? by, 052 WAt sBPSGitTiL]d Y and B
in the spiral Servo information, the radial positions

13 gef nbiRe sgerkers tRCtok e pserved IRk @ r@smondi ng
to the boundary between the servo burst patterns A
anddBscedobeat bagoee Wift it hichelartas pectdkee 20Nt éng (MEGted
descri bed bel ow) of the data tracks 200, but shifted 5
by By5 Ot Pactk atkorfiroime thentoeng eafs tofe tdet alatreadksad¢0.200.
(Head Positioning Control) Explained belowis head
posi(tieedi Rgsédronding Congsed )data is read from and
witten in the concentric g?ta tracks, 200, usingrt € ¢
spiral sériPd-3iAret RRlivh 1510 8RG AU gt Yot theeontrod 1

enbodi nent . The di sk ive 10, accqr.di ng taq.the ,
ewb&&FﬁeHFtapéFf6Fﬁ§-%35H1565%9F83$ﬁ§‘g6h3¥b Qgenerte

thahakgetQ%%ﬁs 200, using the spiral servo information
according to the embodiment.

The disk drive 10 according to the embodiment
performs head positioning control such that the head
reads the servo information whose centers SC form a
spiral shape, and writes user data in the concentric
data tracks 200. Further, the head is required to
read the user data from the concentric data tracks
200.

Therefore, in the head positioning control of the
embodiment, virtual track centers (virtual track
central lines) VTC corresponding to the centers of the
data tracks 200 are assumed, and the head 12 is
positioned to the virtual track centers VTC (refer to
FIGS. 8 and 9).

FIG. 7 is a schematic diagram of FIGS. 8 and 9,
and illustrates cylinder codes (cylinder numbers of
the address unit 33) read from a head position at a

certain time. Specifically, since the servo
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reads the servo information whose centers SC form a
spiral shape, and wites user data in the concentric
15 data tracks 200. Further, the head is required to
read the user data fromthe concentric data tracks
200. Therefore, in the head positioning control of the
enbodi nent, virtual track centers (virtual track 20
central Ilnes) VTC correspondlqp to the centers of the
data tracks 200 are assuned, and the head 12 is

posi tioned to the virtual track centers VTC (refer to

gl S?&f%r%ggé%)n I %ecoxjd%da 1%0% r&%t&r%ldl Cé:id

d 5 MeGstPates e (cy |n er

nunpers abr Wi %%re%@_tflf%'rten?t?’)cyrﬁ%%efﬂ @Bo@eé"%m the

position at a "certain tine. Specifically, since the

ser vamk4 radgifsar midi@n drs recorded in a spiral shape,
the read head 12R nay read different cylinder codes

fromthe NesaTe ehadizingabsid i0mrdiexds X Pe fethirsg atrack-
process of performng track- 5 follow ng operation in

t he flrdddwiosi topemiaig ccoritr glhe heach posfidriendiang cdEWG@Gol,
12. In the disk drive 10, the CPU 19 identifies the

t ar gidtt hd die aresge 200 Fye .r d&di ng the servo infornmation
with the read head 12R , and positiaons the read head 10

12R or t H& vit& Eddad Ao t'f t Hd T dritter! Driqe trgithe

dat% tra%kd%%a track 200 by reading the servo information
with the read head 12R, and positions the read head
12R or the write head 12W to the center of the target
data track 200.

Specifically, the read head 12R reads the servo
information from the servo sectors 110. The signal
processing unit 17 reproduces the cylinder code and
the servo burst patterns (A to D) from a servo signal
from the read head 12R (step S11).

In this process, as described below, the CPU 19
performs error decision of the cylinder code obtained
from the signal processing unit 17 (step S12). Next,
the CPU 19 converts the servo burst patterns (A to D)
in the servo information read from the servo sector
110 into corrected virtual servo information, on the
basis of the virtual track center VCT (step S13).

By using the virtual servo information, the CPU
19 positions the read head 12R to the virtual track
center VCT, and reads the cylinder code. Further, the

CPU 19 performs seek control calculation based on the



10

15

20

25

Specifically, the read head 12R reads the servo
information fromthe servo sectors 110. The signa
processing unit 17 reproduces the cylinder code and 15
the servo burst patterns (Ato D) froma servo signa
fromthe read head 12R (step S11). In this process, as
descri bed bel ow, the CPU 19 perforns error decision
of the cylinder code obtained romthe signa

processing unit 17 (step S12). xt, 20 the CPU 19
converts the servo bur st patterns (Ato D in the
servo |nf rrmtl %fromt qslervo sector 110 |

cor FECtEGSi ¥ % Srdratt o S ot t%%rr%%lva&ge of
the cyiel G oty ac%kéar centaron cﬂhé Sﬁ(%%l Sﬁlcg)trb@ycéﬁﬂékg dfne

virt uaI servo information, posi tions

t he tead thepd a13R 4 tdye %étﬂé@lgéﬂ a6k 1 recdmt Q’foé@(step
and reads the cylinder code. Further, the CPU 1

per fsadns s&ele Cmlt rigd pmdﬁnﬂn&tltdméaq&wbmtﬂer ealcSh servo
cylinder code, that is, calculates a current val ue of

t he s¥CoT5 wihd. Jpo gintd @l gkhendvbiadn tlol tie oErdteed diy tdree
target data track of the target cylinder code (step
S1l4younide (EREPED Peév.f dilfs tHi'D process for each servo

5 sector while the disk medium 11 is rotated by one

r ound (stIébsSI'S?EBt e @W)lsalgﬁ%%ﬁ?est%r 19RrVO
genergtes V|rtu se i nfor, n based on the

Virod st e T g e o AT SR TRE VCT, and
e i i o D 125 13 11 1 b1 114

ser orna Ion ser
using the virtual servo information (corrected servo

burst patterns A and B). The CPU 19 performs seek
operation to position the head 12 to the center of the
target data track, by using the cylinder code read by
the positioned read head 12R.

(Method of Reproducing Cylinder Code)

FIG. 10 is a diagram illustrating a state where a
cylinder code is read from a servo sector (sector
number k). As shown in FIG. 10, when the read head
12R is positioned in a circumferential direction
dencted by an arrow 140, the cylinder number read by
the read head 12R is increased from N-1 to N.

Supposing that the cylinder code (address) in a
servo sector (sector number k) is CYL (k), the
following equations (1) and (2) are established on the
basis of the track position x and a correction value
thereof x crct.

CYL (k) = round(x+x_crct) - (1)
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burst patterns A and B). The CPU 19 perforns seek
operation to position the head 12 to the center of the
target data track, by using the cylinder code read by
the positioned read head 12R 15 (Met hod of
Reproduci ng Cylinder Code) FIG 10 is a diagram
illustrating a state where a cylinder code is read
froma servo sector (sector_ ngﬁrex k). As shown in
FIG 10, when the read head 1 is positioned in a
circunferential direction 20 denoted by an arrow 140,

th
| ngr eased rom n'\%)se a%r{ %ﬂé%p%tuopfpgg}%g@%ﬂ?@ %@*ﬁ%d%gf the

codg faddress) in a servo sector (sector nunmber k) is

CyL (k), the follow ng equations (1) and (2) are

est abl i shed-o: t-hep . 26k bhasi s of the track(gposition x

and a correction value thereof x crct. CYL(k) = round

(x+xwhermet )n .repredent & hevheyev s carck ¢35 ramkmep:er ator.

i ndi cating rounding off the nunber. x crct 0. 5*k/ n
(2) e eclrerepresesit 5C the sefveot sbet bt lnehbatedsin

The characterlstlc of x crct is illustrated in FIG

16. IS 43 is a flowchart iIIustrating a specific

process agde rior Geflsion perpaed [ Ben izt
process of the error decision performed in step S12 of
FIG. 12. Specifically, the CPU 19 calculates a
reading cylinder code predicted value in each servo
sector, on the basis of the target cylinder code set
by the host system 22 and the correction value
(x_crct) represented by the above equation (2) (step
S21).

The CPU 19 compares the cylinder code predicted
value with the cylinder code actually read by the read
head 12R and, if they agree with each other, the CPU
19 determines that the cylinder code is normal (step
S22). If the actual cylinder code does not agree with
the predicted value, the CPU 19 determines that the
read cylinder code is an error.

FIGS. 14 and 15 are diagrams for specifically
explaining the virtual servo information.

As described above, the CPU 19 calculates a
position error with respect to the position of the
boundary between the servo burst patterns A and B, on

the basis of the servo burst patterns A and B read by
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10 reading cylinder code predicted value in each servo
sector, on the basis of the target cylinder code set
by the host system 22 and the correction val ue (X
crct) represented by the above equation (2) (step

S21) . 15 The CPU 19 conpares the cylinder code
predicted value with the cylinder code actually read
by the read head 12R and, if {ﬂey_agree wi th each
other, the CPU 19 determ nes at the cylinder code
is normal (step S22). If the actual cylinder code

does ot, & aag{%ea beZO tf(]n C&{ tecglny ¢ s J‘ceeQD 1§ervo

determne rea er code'i's an erro

FI G5 fld-rand clp & %ﬂ‘a@r&f&{ﬁﬁ o sPef i€y the

explaining the virtual servo information. As described

abowe,1 duhe Y g ical il atresr aquaat POsitd A £rd dami tdoth
respect to the position of the boundary between the

ser wavafiatm gl evsnshdwandi B, FIm. 1hes)basi s of the

servo burst patterns A and B read by 17 the read head
12R I n tAe sSrbodi enflGsi At hevlzer viohe | péad nag&@dnl2R is
is arranged in a spiral form_ the calculated position

err cﬂosthalrﬂﬂqci/ 5% s GerRy t%th %@@?%%ﬂl%sdata

shown in FIG. 14(B). 5 As shown in FIG 14(A),
t he Téd® Hdadk hlezm%ecwg? tqfoﬁét? taorrt% Tk G pppect

t he fi(/:vo ent I cvod ta o Ctkt fs})é J t on. o 1N

arT o0 10 AT T dep e & A el liadii

andé%f?i@ﬂﬂﬁ%n'%ﬁ% position error quantity xs is
represented by the following equation (3).

xs = xr-0.5*k/n W (3)
where Xr represents position information based on the
servo burst patterns A and B.

Specifically, in the case of using the servo
information written in a spiral form, the position
error quantity xs varies among the servo sectors.

Therefore, to position the head to the center of
the concentric data track, the CPU 19 calculates
virtual servo information (position error gquantity)
having a fixed value (142) as shown in FIG. 14 (B).

The virtual servo information xi 1is expressed by
the following equation (4).

xi = xs + x_crct .. (4)

Specifically, as shown in FIG. 15, the CPU 19
calculates a position error quantity with respect to
the center of the concentric data track, using the

position error quantity xs and the correction wvalue
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spiral form the position error quantity xs is 10
represented by the follow ng equation (3). xs =
xr-0.5*k/n ...(3) where xr represents position

i nformati on based on the servo burst patterns A and
B. Specifically, in the case of using the servo 15
information witten in a spiral form the position
error quantity xs varies anmon éhe servo sectors.
Therefore, to position the head to the center of the
concentric data track, the CPU 19 cal cul ates V|rtua

ser vc%ll nfl rtré%f (0%4 (ROsi | t| on Oq rtq]ﬁ %Uea]%&'i tEng Ztr i08hs a

a fixed as Sh

Vi rtya Bs%rr\é%ﬂd%foor?P;é %1’9al %@%@S@seeﬂe&ysﬁ{? In

foll om ng equati on

SpegjthicgakldrdAs tsﬂyamzdﬁhaﬁl Gerd eGR4I 2D is

cal cul ates a p05|t|on error quantity with respect to

t he icetrera tdfort e cancety ithdatmdk acdntasiTy dhea servo
position error quantity xs and the correction value 18

cal egicatoed ton thee Wagive loft ndwk sweh . patterns A

and B arranged in a spiral manner (step S31). In

ot her worQls,thehedasrs (@l s VoL Y ok neg Fom xafegmation xi,
information to convert the track center TC of a servo

5 sédoChRD hhdahsaidies rvad aanttdre vigad dn2 t’n% el ly

oL LRl BTN LI X U0 I i ees

track, with respect to the servo burst patterns
arranged in a spiral manner (step S32). If the
positioning of the head 12 i1s erroneous, the CPU 19
disables recording operation in particular for writing
data.

FIG. 17 is a block diagram illustrating a head
positioning control system of the embodiment.

A control system 170 is specifically a control
operation executed by the CPU 19.

In the control system 170, a position information
detecting unit 175 detects spiral position information
from the servo information (the cylinder code and the
servo burst value) output from the servo decoder
included in the signal processing unit 17. On the
other hand, a correction quantity calculating unit 176
calculates a correction value for each servo sector.

A virtual position calculating unit 174 calculates
virtual servo information (virtual position

information) xi on the basis of the position
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positioned to the center (VTIC) of the concentric data
track, with respect to the servo burst patterns 10
arranged in a spiral manner (step S32). If the
positioning of the head 12 is erroneous, the CPU 19

di sabl es recording operation in particular for witing
data. FIG 17 is a block diagramillustrating a head
15 positioning control system t he enmbodi nent. A
control system 170 is specifically a control

operation executed by the CPU 19. In the control

syst.em 170,. . Qsd tion g ti tect] ([t 175
1ntrgormat1%1rp osfI .the sarU cho%acl'{ %nve%ra{or{rﬁwt

det éct's sptral positlon I nforma e servo

1 Qi o 6 | NPT 008 a0 e SOV QAR unte

val ue) out put fromt'’he ser ecoder i1ncluded in the

si gnal3 rRfRassiNGHiNidriker QN thy Siheitd®gbs@ioning
correction quantity calculating unit 176 calculates a

Cor reeit @l vl uthd MeRAd? SIVaseWayis 256 Ahd rdifiference
position calculating unit 174 cal cul ates virtual

ser \o& tiwefegr ratd dra (astr taged i tpasi thaged iof drhmattiargexi

on the basis of the position 19 information of the

saw vddtrifatawerloremaitt thife vidoryalc tRon Mgdruelnfgrmation.
descri bed_above. A control wunit 173 controls the

driver 27 %nd Hketttst R3O Wyt U0 Y 019 o $9K

head 12, .on the basjs, of the difference 5 between th

t ar &Y ojﬁmga Aeedj on' tHE S‘éeragcgtposcj% YUY VATt S1.

and the V%ﬂé&%%ié§¥ﬂ§j(%héﬁﬁéﬁémﬁﬁéwﬁ9 receives a target
cylinder (target track) from the host system 22, the
CPU 19 converts the target cylinder into a target
servo address (steps S41 and S42). On the other hand,
spiral servo information read by the read head 12R is
decocded by the servo decoder of the signal processing
circuit 17 (step S43).

The CPU 19 converts the servo information of each
servo sector into virtual servo information (generates
virtual servo information from the servo information)
(step S844). Further, the CPU 18 executes.seek control
calculation to position the head 12 to the center
(VIC) of a concentric data track, on the basis of the
virtual servo information (step S45).

The CPU 19 calculates a correction value at the
next servo sector, and compares the servo address with
the virtual servo information (steps S46, S5S47). If
the address agrees with the virtual servo information

as a result of comparison, the seek operation is ended
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FIG 18 is a flowhart illustrating a seek operation
i ncluded in the head positioning control.
Specifically, when the CPU 19 receives a target 10
cylinder (target track) fromthe host system 22, the
CPU 19 converts the target cylinder into a target
servo address (steps $S41 and S42). On the other hand,
spiral servo information read the read head 12R is
decoded by the servo decoder of  the signal processing
15 circuit 17 (step $S43). The CPU 19 converts the

ser yo LALGLTRLLGN OF LaGh s So7 YO, SSE QLo MO MifdUale che

ormati o genera virttual servo

| nf ot Rt en 5 Qi%i‘ttah & SNV d PR 110V ge *Zéoyﬁlpl éh :  on

Further,_the CcP 19 execut es seek contro
cal guleatitpr rt B RS tiiforHhe a1 21deds the: GRIM&S with the

(VTC) of a concentric data track, on the basis of the

Vi r tvdalt usar e rvief dnfatrneit i(si,ep K4 5)RU The (et the

cal cul ates a correction value at the next servo

secpaocessd ngofpare $ hehes tegy \af adhdrvesst Mg Ehe5sateo

virtual servo information (steps S46, S47). |f the

addiageoragitded Wift Fhehaant (pV s 845 Ghflgrimt Vot uak

a result of conparison, the seek operation is ended -

20 SBY VRodintiogHiartd Thel ek SPP )0 the center (VTC) of

the concentyric data,track bein he. target_cylinder.

O the GENGICHHTC] FANE ki BV Tots T Sigrde W 192°2

the,v 'tﬁute“%'onf%%rn“cori'hc”fo%rt'Batex%rbk the, GRY I3 FGReA SaffiCer 1y

5 processing fromthe step of converting the servo
after the end of the seek operation, by performing the
head movement control using the virtual servo
information during the seek operation. Specifically,
random seek operation for the concentric data tracks
can be efficiently performed by using the spiral servo
information.

FIG. 19 is a diagram illustrating the case where
the seek operation is performed without correction in
the embodiment. Specifically, in common seek
operation, when movement of the head 12 is contrclled
by using the spiral servo information, the head 12 is
moved toward the track center TC. However, the
position where the user data is recorded is the
virtual track center VTC corresponding to the center
of the concentric data track, and thus discontinuous
transient occurs at the start of track following

operation.

FIG. 20 is a diagram illustrating the case where
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information of the next servo sector into virtua

servo information (step $S48). As descri bed above,

read/ wite operation of data to the concentric data
track can be perforned directly 10 after the end of
the seek operation, by performng the head novenent
control using the virtual servo information during the
seek operation. Specifically, ,{andom seek operation
for the concentric data tracks “can be efficiently
performed by using the spiral servo 15 information.

FIGpld 45 @oc%léﬁ%itgigaré L#ﬁf%‘%ﬁ%%@ "e; GRS i“@?&@ioﬁ[‘ﬁ% the

seek operatl correction I n

embQdidmMme PeCi i &R # Yo 51 1 CONIDI, SEEK; OPEEAL F OBychart
when novenent of the head 1Z is controlled 20 by

usi ngr ties spigal irservd ddd1oramd # oo her heddl dbb8iment,
noved toward the track center TC. However, the

posivHeon mdwesreeritheo fisete dadad | B2 recocaetdro 5l édieby using
virtual track center VTC corresponding to the center

of ttte cohcter) itexia ainfawkaton, tthe kikadohi i heiousved
25 transient occurs at the start of track foll ow ng

opers®ai HiG VIryal L8 Ayrenter usts at i e ¥dEckasevwhen
where 21 the seek operation is perfaorne {th L
e S PR tbod rered oo (eag 12 0 megipioned
in the flowhart of EIG 18. in the,seek operation of

t he gt nEHEE ST Whien- HOVEIRH " 0F - ¢ hd? hdah 42¢§ sand 1o

Conﬁff&ééﬂ%fﬁhéﬁ%r%kansient occurs. Thus, it is possible

to achieve the same random access operation as in the
case of using concentric servo information.

As described above, the embodiment uses the
virtual servo information having assumed virtual track
centers VTC corresponding to the centers of concentric
data tracks on the disk medium 11 on which spiral
servo information is recorded, and thereby achieves
head positioning control (seek operation and track-
following operation) having the same access
performance as in the case of using concentric servo
information. Therefore, consequently, the efficiency
of the random access to concentric data tracks is
improved.

According to the embodiment, it i1s possible to
provide a magnetic disk apparatus which efficiently
performs head positioning control to concentric data
tracks by using spiral servo information. Therefore,

the efficiency of the random access to concentric data



10

5 the virtual servo information, the head 12 is noved
toward the virtual track center VIC. Therefore, when
the seek operation is ended, the head 12 is positioned
to the center of the concentric data track, and no

di sconti nuous transient occurs. Thus, it is possible
10 to achieve the sane random access operation as in
the case of using concentric SLrvo information. As
descri bed above, the enbodi nent uses the virtua

servo information having assunmed virtual track

Centers TG LORBspNding 1 dhe centers, afo CAIEEL fon

ta tra 11 on Ich spira
servo i nfygfimed i vdSid e&w&@ﬁmem dhefedyi Redh €¥YESs have
head positioning control (seek operation and track-
f ol e @erarididdn)t Hemd Rondde red s atPes oeen presented
performance as in the case of using concentric servo
20 iyf ovayatdforexahlrereefarle;, consepentdty,irttended to limit
efficiency of the random access to concentric data
t r acke issdpepradvddie J’Aomtoﬁicrrgs t o Inteethbddieramvel t
is possible to provide a nmagnetic di sk appar.atus ,
mhl€WHQQQ§n%ﬂﬁI%N%E?%ﬁﬂ#QﬁQﬁ%Qﬁ%uﬁﬁﬁﬁﬂﬁ|Wﬁﬁrﬁfcﬁﬁﬁ?%&ed

t t dat t ks. b
it G 1E oI T LT | G BTy BT e St

accesd 48 GANCNRIIG Al A e 2 egs,;weov%pyof

usi ng splra 'servo inforna aln

ean:‘:#'l t%(ﬂi(s tan'ﬁ:l' %ﬂ@%@:@oe@%@ﬁ?‘%ép% made

t hese enbodi nents have been present
without departing from the spirit of the inventions.

The accompanying claims and their equivalents are
intended to cover such forms or modifications as would

fall within the scope and spirit of the inventions.
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by way of exanple only, and are not intended to limt
5 the scope of the inventions. |Indeed, the novel

net hods and systens described herein nmay be enbodi ed
in a variety of other fornms; furthernore, various

om ssi ons, substitutions and changes in the form of
the nmet hods and systens described herein nay be nade
10 wi thout departing fromthe %girlt of the

i nventions. The acconpanyi ng ainms and their

equi valents are intended to cover such forns or

nodi fi cations as woul I, within t .scope and
Bre s Lol 85

spirit of the inventi CLAIMED I S: 1.

A di sk drjve qﬁgggs& ; Shski SBdL um having a di sk
surface on mﬁ?c a p ur%ﬁ?t¢§o se?Vo sectors are

arranged AtgT QYU i LIVl 5 Ngh CORELALET 6nOghich a
tracks are formed, the servo sectors formng a spira

ser i drAck et defrideSEivd d1d M Pdnged dheregular
concentric data tracks storing wuser data; a head

whi dntrezadsl € heends erarocemif wiraredd ton @k k4 O reaflsymed t eshe
the user data on the disk nedium and a controller

whi cre prar fasrat posiqimonihg camitral sefve herdeldabdsedoring
on the servo information read by the head, the _
contFeVerifédtattiofy Vvilte aneiolc iddter nafdeks storing

havi ng assymed virtual track center |ines 15
corﬁ?%ﬁbﬁ%ﬁﬁ@ to center lines of the data tracks based
on the servo. pf.ol Ll o0, qand, posL 1y N NELERg: NERILLS
reads/writes the user data on the disk medium; and
a controller which performs positioning control
of the head based on the servo information read by the
head, the controller generating virtual servo
information having assumed virtual track center lines
corresponding to center lines of the data tracks based
on the servo information, and positioning the head to
a target data track based on the virtual servo
information.
2. The disk drive according to claim 1, wherein
the controller:
calculates a position error of the head from a
center line of the servo track, based on the position
information included in the servo information read
from the servo sectors by the head;
calculates a correction value of the position
error with respect to the virtual track center lines;

and
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a target data track based on the virtual servo
information. 2. The disk drive according to claim1,
wherein 20 the controller: calculates a position
error of the head froma center line of the servo
track, based on the position information included in
the servo information read fromthe servo sectors by
the head; 25 calculates a correction value of the
position error with respect to the virtual track
center lines; and 24 calculates, as the virtua

servo infor.matign posi.t.ion_informmation correspondi ng
to the vit lucaﬁ ! aQEtérsa( cke etn}} er rincnue‘—"sl bsye usi nlgn %%Iga tony
cor L val ue. .. 3. The d] Y ' ; i m
o R e e R R

err Qrr Qi e thead M, EOMPtHd & Hedthi® S &faie .
track, based on the position TInformation included in

the serva®. nfrrdratian deiack fdaomdiey SeF wol S8CL D) Swiyrein
the head; 10 cal culates a correction value of the
posittheorrongmadrlem:t h respect to the virtual track

center lines; <calculates, as the virtual servo

i nf or mat ie,cyasiad on RaFidrimat ior Qorrfesgundierd tbremea
virtual track center lines by using the correction
val GENtER 1S fvada 1R Head 156 @AY ED (i oFtion
USiQ%gg¥%ation included in the servo information read
from the servo sectors by the head;

calculates a correction value of the position
error with respect to the virtual track center lines;

calculates, as the virtual servo information,
position information corresponding to the virtual
track center lines by using the correction value; and

moves the head to the target track by using the
virtual servo information, in seek operation included
in the positioning control of the head.

4. The disk drive according to claim 1, wherein

the controller compares a cylinder prediction
value obtained by predicting a cylinder number
corresponding to one of the servo sectors based on a
sector number read from said one of the servo sectors
by the head, with an actual cylinder number read from
salid one of the servo sectors by the head, and
performs error decision when the cylinder prediction

value does not agree with the actual cylinder number

as a result of comparison.
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virtual servo information, in seek operation included
in the positioning control of the head. 4. The disk
drive according to claim1l, wherein the controller
conpares a cylinder prediction 20 val ue obtai ned by
predicting a cylinder nunber corresponding to one of
the servo sectors based on a sector nunber read from
said one of the servo sectors 2§y the head, with an
actual cylinder nunber read from said one of the
servo sectors by the head, and 25 perforns error

deci si on el ; [1le! [ .ChJ . does -
agree with the é;gc%l% dc;% i N e‘?génlﬁ%rjbrg#] tcgl:égg%rgs& t‘mg reLn
conpari Stthe Zont:olfhe-di sk drive according to claim

1, wherein the controller: calculates a position

error of ddledieattd roPesi it esrtoneodfthidensLd vorom a

track, based on the position 5 information included

i N tdemtser L4 nienfodt rdatd e rvead faam theseskraw tSeetmessition

by the head; calculates a correction value of the

posiitifermagdcsy wialndessgectt e sdwvwiimicimatisok read

center lines; calculates, as the virtual servo

i nf SHEPE (5O, SEF PoSIGtTHF S dhorthe it For r espondi ng to

the virtual, track center lines b sing.the o

correct | PN IARE SRl CHRRIE TR 2031 SIS of FovPagL tion

operatign u@é]hluii dd1e ¢ yigddaly Seravo ﬂf‘c:f&{ Al L od, | Fines;

the track foll owng operation to position the head to

a center dJyne 10ftdde a5 the virtual servo information,
position information corresponding to the virtual
track center lines by using the correction value; and

performs a track following operation by using the

virtual servo information in the track following
operation to position the head to a center line of the
virtual target data track in the positioning control
of the head.

6. The disk drive according to claim 1, wherein

the controller performs predetermined error
processing, when it is impossible to position the head
onto the center line of the target data track by using
the virtual servo information.

7. A method of head positioning control in a
disk drive including a disk medium having a disk
surface on which a plurality of servo sectors are
arranged at regular intervals and concentric data

tracks are formed, the servo sectors forming a spiral

servo track and storing servo information, the



15 virtual target data track in the positioning
control of the head. 6. The disk drive according to
claim1, wherein the controller perforns
predeterm ned error processing, when it is inpossible
to position the head 20 onto the center line of the
target data track by using the virtual servo
information. 7. A nmethod of _head positioning contro
ina disk drive including a drsk nmedi um having a di sk
surface on which a plurality of servo sectors are 25
arraqgﬁ%ﬁg re Iar|rn rval.s and concent ric dat

tracﬁ<s are OTITE t%ra%erv%t%%lcr%%r ?or rraftn% a %?a]f‘ead

ser g, thack and §lord éefﬁpofr{g@fcgﬁté@cﬁ"réms?@rltes the

concentric data tracks storlng user data, and a

wWhi Gl dreafts 4 heh satey id 9f ardeti@n and reads/wit es t he
user data on the disk nedium the method conprising: 5

repr oducittge trinet ised Voot D tedi on by readi ng the

servo information by the head; generating virtua

servo i nfrepmebidwoniaving sassuneuformaekicenberréadiesg the
corresponding to center lines of the data tracks; and

10 Eesiva ol grnaddel dredel ttohe headpet data track based

on the virtual servo information. 8. The nethod
accordlnggﬁQ?%ﬁ%&%§7Vlﬁk%?%l%erY%el@%%ﬁm%E+%© paging

virtual servo i i
assume trac cennate

PMines corresponding to center
lines of the data tracks; and

positioning the head to a target data track based
on the virtual servo information.

8. The method according to claim 7, wherein

the generating the virtual servo information
includes:

calculating a position error of the head from a
center line of the servo track, based on the position
information included in the servo information read
from the servo sectors by the head;

calculating a correction value of the position
error with respect to the virtval track center lines;
and

calculating, as the virtual servo information,
position information corresponding to the Virtual
track center lines by using the correction value.

9. The method according to claim 7, wherein

the positioning the head includes:

moving the head to the target track by using the




i ncludes: 15 calculating a position error of the head
froma center |line of the servo track, based on the
position information included in the servo
information read fromthe servo sectors by the head,
calculating a correction value of the position 20
error wwth respect to the virtual track center |ines;
and calculating, as the virtu servo infornation,
position information corresponding to the virtua
track center lines by using the correction val ue.

9. t t
posi t| onl ngoﬁdeh&ccolrgﬂ I'NC tolqpesallrrgowene\/\!p%Fgeé d&—? lncﬁlUded
targel 4o s g tdher A7 of"%’ﬁéwrlleac‘c?r Vo

information, in seek operation included 1in the

posi tioniTm. cod aheod hecd®adlind Oz o ThEa IRt NPGwherein
according to claim?7, wherein the positioning the

head i nclulttesso&i tpesd ign tige ehdddcknd Dhdiosw ng
operation by using the virtual servo information in
the trackednidomimg a opeaci i Ol oW posi epenat hen hendusbng

a center line of the virtual target data track in the
positifotiifd ontsoIve ofnftaafelrny in the track following

operation to position the head to a center line of the
virtual target data track in the positioning control

of the head.



